The chemical compositions of the water-distilled essential oil of Stachys cretica ssp. lesbiaca Rech. fil. and S. cretica ssp. trapezuntica Rech. fil. were determined by GC and GC-MS. Altogether 63 compounds were identified. The sesquiterpene hydrocarbon, germacrene D (20.3% and 12.9% respectively) was the main component identified in both oils. Furthermore, ethanol, light petroleum, dichloromethane, ethyl acetate and n-butanol extracts prepared from the aerial parts of the plants were tested for their antimicrobial activities against six bacterial strains and the yeast Candida albicans. The extracts exhibited no antibacterial activity, but the light petroleum and n-butanolic fractions showed low antifungal activities. Crude ethanolic extracts of the two subspecies were tested for their ability to inhibit the growth of HL-60 and Ishikawa human tumor cell lines. The IC 50 values were 100 μg/mL for the HL-60 cell line and 200 μg/mL for the Ishikawa cell line.
The genus Stachys contains around 270 species that are spread in the northern hemisphere and tropical Australasia, with a center of biodiversity in the Mediterranean and Middle-East, including south and east Anatolia, Caucasia, north-west Iran, Iraq and the Balkan Peninsula. With 83 recorded species and a level of 48% endemism, Turkey is one of the richest countries in Stachys diversity. The genus has been separated morphologically into 15 sections, 12 subsections and two subgenera in the flora of Turkey [1a-1g] .
Many members of this genus find use in traditional medicine of Anatolia and are known as Deli adaçayı or Dağ çayı. They are used for the same purpose as sage to treat skin infections, digestive problems and respiratory disorders [2a,2b] . Similar folkloric uses of many other species that possess antiphlogistic, cholagogic, sedative, and hypotensive properties and which are used for the treatment of coughs, kidney diseases, tumors, and throat pains have also appeared in the world literature [2c-2e] . The multiple diverse traditional uses of Stachys species can be explained by at least nine natural product chemical classes present in these plants including alkaloids [3a] While the number of Stachys species growing in Turkey is fairly high, a limited number of reports has appeared in the literature. Among 83 species, the volatile oil S. cretica ssp. lesbiaca Rech. fil. and S. cretica ssp. trapezuntica Rech. fil. are two of these endemic subspecies and, to our knowledge, there is no report on either their essential oil composition, or their antimicrobial and cytotoxic activities. Thus, we aimed to analyze the essential oil composition and to evaluate the antimicrobial and antiproliferative activities of different extracts obtained from the aerial parts.
In total 63 compounds in the two subspecies essential oils were identified; 48 for the oil of S. cretica ssp. lesbiaca (Scre-les) and 41 for the oil of S. cretica ssp. trapezuntica (Scre-tra). The retention indices with the percentage compositions are given in Table 1 . Germacrene D (20.3%) was the main constituent of Scre-les oil, together with β-caryophyllene (9.5%), αpinene (8.6%), β-pinene (6.2%) and cis-chrysanthenyl acetate (4.8%). The most abundant components were sesquiterpenes (52.9%), particularly hydrocarbon sesquiterpenes (45.3%), represented principally by germacrene D, followed by monoterpene hydrocarbons (18.3%), among which α-pinene (8.6%) and β-pinene (6.2%) prevailed.
The essential oil of S. cretica ssp. trapezuntica also consisted mainly of sesquiterpenes hydrocarbons, but with a considerably reduced percentage (24.1%). The levels of several sesquiterpene hydrocarbons, such as germacrene D (12.9%) and (Z)-β-farnesene (4.0%) were significant. Linalool (2.6%), linalyl acetate (5.2%) and geranyl acetate (2.1%) were the main oxygenated monoterpenes, whereas α-bisabolol (1.7%) was the main oxygenated sesquiterpene. 9-Geranyl-p-cymene (4.9%) was identified as a major diterpene, followed by phytol (0.9%). Among other compounds, besides terpenoids, the oils also contained considerable amounts of acyclic and aromatic carbonylic compounds, fatty acids and alcohols (24.2%); octacosane (7.2%), nonacosane (4.9%), hexadecanoic acid (3.5%), and 1-octen-3-ol (0.4%) being the main components.
An unidentified diterpenoid C 20 H 32 (14.9%) was also . Scre-les, Scre-tra, and Scre-cre essential oils have in common germacrene D as the major constituent, which is also present in low percentages in Scre-mer and Scre-vac oils. In addition, Scre-sym has a higher content of trans-β-caryophyllene and Scre-mer has αcurcumene as its most abundant compound. Scre-ana was investigated only for its carvacrol content, which separated it from other subspecies by its high content of this compound, which was also present in the oil of Scre-vac, but only in a small amount.The above mentioned differences in the volatiles from S. cretica subspecies could also be helpful in their taxonomic characterization. However, it should be considered that the chemical composition of essential oils may vary according to several environmental (climatic, seasonal, geographical) conditions, as well as genetic differences [7a] . The in vitro antibacterial effects of the extracts towards the tested bacteria were studied via their MIC values. The ethanol, light petroleum, dichloromethane, ethyl acetate and n-butanol extracts prepared from the aerial parts of the two subspecies showed no activity against any of the bacteria tested. However, we have noted that the light petroleum and n-butanolic fractions showed weak activities against Candida albicans ATCC 10231 (MIC = 625 µg/mL). Similar results have been reported for different extracts of Stachys species. An example is the chloroform subfraction of S. inflata, which exhibiting low anticandidal activity (MIC = 250 µg/mL) against C. albicans [4b].
The ethanolic extracts of the Stachys species were tested for their ability to inhibit the growth of two human tumor cell lines. After every 24 h of treatment for 72 h, the cytotoxicity via counting total cell number was determined. The cytotoxic effects of these two cell lines on the growth of human tumor cell lines are given in Table 3 . Scre-les and Scre-tra extracts modulated cell growth in concentration and cell type dependent manner. The IC 50 values of Scre-les and Scre-tra were determined as 100 μg/mL for the HL-60 cell line and 200 μg/mL for the Ishikawa cell line. In previous studies, the methanol stem extract of S. recta has been found to be active against the MCF7 breast carcinoma cell line [7b] . The essential oils obtained from six different Stachys species also exerted cytotoxicity [6e]. Scre-tra exhibited weak cytotoxicity and/or increased cell proliferation on the HL-60 cell line at low concentrations (1 μg/mL and 10 μg/mL). The cytotoxicity was also determined at lower concentrations of Scre-les, especially at 1 μg/mL, but no cell proliferation was determined. Scre-les exhibited weak cytotoxicity on the Ishikawa cell line in comparison with the Scre-tra extract. Scre-les at 1 μg/mL and 10 μg/mL concentrations increased Ishikawa cell proliferation after 48 h and 24 h, respectively. In addition, Scre-tra extract at 1 μg/mL and 10 μg/mL increased Ishikawa cell proliferation only at the 24 th h. Both subspecies showed weak cytotoxicity towards the Ishikawa cell line in comparison with HL-60 cells. The results suggest moderate antiproliferative properties and support the ethnomedical claims for the genus. 
Experimental

Exract preparation:
To evaluate their antimicrobial and cytotoxic activities crude extracts were prepared. Airdried and powdered aerial parts of each plant material were mixed with ethanol and percolated for 2 days. The ethanolic solutions were filtered and evaporated under vacuum. The resulting extract was suspended in water and successively partitioned to provide light petroleum, dichloromethane, ethyl acetate and n-butanol fractions.
Essential oil isolation and identification:
The essential oils from air-dried plant materials were isolated by hydrodistillation for 3 h, using a Clevengertype apparatus to produce a small amount of essential oil, which was trapped in n-hexane. The obtained oils were dried over anhydrous sodium sulfate and stored at +4°C in the dark until analyzed and tested. GC analysis was carried out using an Agilent 6890N GC system. FID detector temperature was 300°C. To obtain the same elution order for GC-MS, simultaneous autoinjection was done on a duplicate of the same column applying the same operational conditions. Relative percentage amounts of the separated compounds were calculated from FID chromatograms. The GC-MS analysis was carried out with an Agilent 5975 GC-MSD system. An Innowax FSC column (60 m x 0.25 mm, 0.25 μm film thickness) was used with helium as carrier gas (0.8 mL/min). GC oven temperature was kept at 60°C for 10 min and programmed to 220°C at a rate of 4°C/min, and kept constant at 220°C for 10 min and then programmed to 240°C at a rate of 1°C/min. Split ratio was adjusted at 40:1. The injector temperature was set at 250°C. Mass spectra were recorded at 70 eV. Mass range was from m/z 35 to 450. Identification of the essential oil components was carried out by comparison of their relative retention times with either those of authentic samples or by comparison of their relative retention index (RRI) with a series of n-alkanes. Computer matching against commercial (Wiley GC/MS Library, Adams Library, MassFinder 3 Library) [7c,7d], and in-house "Başer Library of Essential Oil Constituents" built up from genuine compounds and components of known oils, as well as MS literature data [8,9a,9b] , was used for the identification.
Antimicrobial activity
Bacterial and fungal strains: The extracts obtained were tested against 6 standard bacteria and 1 standard yeast: 
